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•  Inform U-,  . 

Cascaded  doubly  fed  machines  have  been  shown  to  have  potential  Tor vision  x 


application  in  aircraft  electric  power  systems.  An  initial  investigation  of  the 
steady  state  performance  of  these  machines  [1]  predicted  their  ability  to 
perform  as  a  brushless  variable  speed  constant  frequency  generator,  with 
competitive  weight  and  cost  and  the  potential  for  high  reliability. 

The  basic  system  layout  is  shown  in  Figure  1.  The  oachines  have 
oulti-phase  AC  windings  on  both  the  stator  and  rotor.  Excitation  for  the  aain 


machine  rotor  is  provided  by  the  exciting  machine.  The  stator  of  the  exciting 


machine  is  supplied  by  a  solid  state  power  converter  connected  to  a  shaft  driven 
permanent  magnet  machine,  which  provides  stand  alone  capability.  Aa  direct 


currents  cannot  be  induced  onto  the  rotor,  the  main  machine  must  be  operated 
strictly  above  or  below  synchronous  speed.  When  using  conventional  machine 
analysis  during  supersynchronous  operation,  negative  frequencies  occur  [2]. 

These  negative  frequencies  complicate  the  analysis  of  the  supersynchronous 
operatiug  mode.  An  investigation  of  machine  stability  in  the  subsynchronous 
operating  mode  [3]  shoved  that  the  machine  damping  could  be  improved  by  feedback 
of  the  field  currents  to  simulate  an  increased  field  resistance.  With  the 


analytical  model  used,  the  resistance  simulation  provided  stability  and  good 
response.  Subsequent  laboratory  tests  of  the  steady  state  [4]  and  dynamic  state 
[5]  have  shown  the  validity  of  the  analysis. 

The  purpose  of  this  project  has  been  to  analyze  the  dynamic  operation  of 
the  machines  to  provide  understanding  in  two  particular  areas:  first,  the 
machine  characteristics  in  supersynchronous  operation;  and  secondly,  the  affect 
of  capacitance  connected  at  the  machine  output  on  the  dynamic  performance.  The 
report  is  divided  into  two  main  sections  which  represent  these  two  goals.  Each 


1 


section  begin*  with  a  derive Cion  of  Che  model  required  for  Che  analysis .  In 
boch  eases ,  Che  model  was  used  for  linearised  analysis  and  nonlinear  ciae  domain 
simulacioa.  The  resulcs  acquired  from  Che  analysis  and  resulcing  conclusions, 
are  presented  in  each  seccion.  The  final  eompucer  programs  are  lisced  in  Che 
appendix,  wich  brief  descripcions. 


Figure  1.  Stand-alone  brushless  variable  speed 
conscanc  frequency  generator  system 
using  doubly  fed  (DFM) . 


Step  1:  Supersynchronous  Operation 


a)  Analytic 

The  analytic  of  the  two  doubly  fed  machines  it  bated  on  the  two  exit  theory 
of  aachinas  [6] .  The  def initiona  for  the  reference  fraaes  for  each  machine  are 


ahown  in  Figure  2.  In  thia  figure,  the  main,  or  output,  aachine  ia  designated 
ac  aachine  Ml,  and  the  exciting  aachine  ia  deaignated  aa  M2.  The  reference 


fraae  apeed  ia  defined  aa 

p6  ■  •  nominal  output  frequency,  electrical  rad/aec  Cl) 

with  reapect  to  the  atator  magnetic  axis.  p( •)  ia  defined  aa  the  derivative 
operator  d(»)/dt,w#  ia  the  aynchronoua  speed  of  this  aachine.  The  stator 
transformation  from  three  phase  quantities  to  axis  quantities 


?  -  j'i 

a  /  i 


Ufi  1//2  1//2 

cosS  cos(8-jl)  cos(8  4.^ 

-•inS  -aln(8 --p)  -*1b(8+11)J 


(2) 


Similarly,  rotor  transformation  is  P  .  The  resulting  aachine  equations  are: 


V  •  t  l.  ♦  pA  -  u  A 

da  a  da  r  da  a  qs 

v  *rl  +•  pA  ♦u> 

qa  »  q»  qa  e  4a 

•  r 
dr 


ir 


'  rr1dr  +  pXdr  '  ('Vwr) 

“  Vqr  *  pXqr  *  <W* 


dr 


wtlUCtf 


*da  "  a  as  +  Vdr 
'qs  "  La1qa  +  S*lqr 
Vd,  *  Mdr  +  Vd. 

V  '  V,r  +  Vq. 


During  normal  steady  state  operation,  the  aachine  output  frequency  is  to 

© 

radians  per  second,  and  the  rotor  frequency,  or  slip  frequency  is 


>0  ■  w 


radians /second 


(5) 


In  this  case,  the  stator  and  rotor  axis  voltages  and  currents  ere  slowly 
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changing  quantities  with  constant  steady  state  values.  The  rotor  speed  is 


u 

r 


7  “a 


(6) 


where  P^  is  the  nuaber  of  poles  of  machine  1. 

u>  •  CO  —  U J 

s  e  r 


Therefore,  the  slip  frequency  is 

(7) 


with  <jj  being  positive  for  subsynchronous  operation  and  negative  for 
super synchronous  operation. 

As  the  azaature  of  M2  is  on  the  rotor,  the  primary  reference  point  for  the 
d  and  q  axis  is  the  rotor  winding.  The  araature  electrical  frequency,  rotor 
speed,  and  slip  frequency  are 
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u> 


e2 


-  T] 


ri  * 

(jj  _  »  —a  w  a  y 
r2  2  a 


(8) 


Gd  ■  U 
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e2 


-  (d 


r2 
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all  in  electrical  radians  per  second.  The  angle  definitions  are  given  in  Figure 
2,  and  P^  is  the  nuaber  of  poles  of  machine  2.  The  phase  axis  transformations 
for  this  machine  are  and  P£  for  the  araature  and  field,  respectively,  and  the 
electrical  quantities  are  slowly  changing  variables  when  the  conditions  of  Eq.  8 


are  observed. 


MHtllN 


Figure  2.  d  and  q  axis  reference  frame  def ini Cions 
for  doubly  fed  machines  Ml  and  M2. 


The  resulting  machine  2  equations  are: 

VdA  “  VdA  *  P\u  *  V 

V  "  V,A  <*  P  V  *  -.2XdA 

wdf  -  Vdf  +  P*df  -  <u.2“«r2>V  (9) 

vqf  *  Vqf  +  P\f  +  (“*2-«r2)Xdf 


where 


dA 


VdA  +  Laeldf 


V  -  V,A  +  L«Sf 


'd£  “  Mdf  *  L«a1dA 


(10) 


LfAqf  +  WqA 


There  exist  two  independent  connections  between  the  phase  windings  of  the 


rotor  of  Ml  and  the  rotor  of  M2.  The  first  of  these  is 
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and  the  rotor  reference  frane  angles  are  defined  as 


(11) 


S  *  n 


(12) 
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In  this  c asm,  Cue  d  and  4  axis  quantities  are 


This  connection  is  practical  only  for  aubsynchronoua  operation. 


(13) 


The  a  phase  connection  can  be  assumed  to  be  the 
same  for  the  second  type  of  connection. 
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With  reference  frame  definition 
8  •  -a 


(15) 


Che  d  and  q  axis  equations  will  be 


dr| 

lV. 


(16) 


This  second  type  of  connection  is  practical  only  for  the  supersyuchrouous 
operating  mode.  Hote  that  u>e2  is  positive  for  all  practical  operating 
conditions.  These  connections  are  practical  as  they  minimize  the  ratio  of  field 


power  to  output  power. 


Actuating  that  eh*  practical  connection  it  uted  for  each  node.  Equations  13 
and  16  can  be  written,  as 

vdr  *  vdA 
xdr  m  “xdA 

V  ■  °» V  (17> 


i  -  -C  i  . 
qr  a  qA 


where 


C#  •  1  subsynchronous  operation 
-1  super sync hronona  operation 


By  interconnecting  the  rotor  windings »  two  constraints  are  placed  on  the 

system,  and  two  of  the  eight  equations  in  (3)  and  (9)  must  be  eliminated.  By 

combining  the  rotor  equations  and  maintaining  i.  and  i  as  state  variables, 

nr  qr 

the  system  equations  become: 

▼ .  «  r  i,  +  L  pi .  +  L  pi .  » w  (Li  +  l  i  ) 

ds  s  da  a*  da  m  *  dr  e  s  qs  m  qr 


v  -  r 


i  +  L  pi  +  L  pi  +  oj  (Li.  Li.) 
s  qs  ar  qs  nr  qr  e  a  ds  m  dr 


0  ■  (r  ♦  r.  )i.  ♦  (L  +  L. )  pi.  +  L  pi.  -  L.  pi._ 

r  A  dr  r  A  dr  a  ds  Am  df 

-(j)  L  i  — u;  (L  +  L.)  i  +  co  *  L.  i  , 

s  m  qs  s  r  A  qr  e2  Am  qf 


0  ‘  <rr  *  ri>  l,r  *  ttr  *  V  pi,r  *  V1,.  '  L«. 

*  ‘Vi.  *  (Lr  *  Vl4r  -  ldf 1 


v..  •  r.i ..  ♦  L.  pi ..  -  L.  pi .  -  w  ,  (L.  i  .  -  C  L.  i  ) 

df  f  df  f  r  df  Amr  dr  e2  f  qf  s  Am  qr 


r  *  *  «  +  l.  pi  .  n  C  L.  pi  +  u>  „  (L.  i -  L.  i .  ) 

qf  f  qf  f  r  qf  s  Amr  qr  s2  f  df  Am  dr 


This  set  of  equation*  is  valid  for  either  subsynchronoua  or  supersynchronous 
operation.  Existing  programs  for  aigenvaltto  and  time  simulation  ware  upgraded 
to  include  these  equations. 

The  programs  assume  that  the  field  voltage  is  aligned  with  the  d2  axis. 

The  specification  of  initial  conditions  is  dona  in  terms  of  output  terminal 
quantities  (voltage,  current  power,  and  frequency)  as  well  as  machine  speed. 

This  requires  the  definition  of  and  y^  axes  for  machine  1  and  x^  and  y^  axes 
for  machine  2  which  are  displaced  from  the  d^  and  axes  by  some  constant 
angle.  The  initial  state  problem  is  solved  by  setting  the  output  voltage  on  the 
x^  axis,  solving  for  the  rotor  and  field  currents,  and  then  reflecting  these 
quantities  to  the  d^,  d2>  q^  and  q2  axes. 

The  linearized  analysis  program  and  the  simulation  program  were  developed 
from  this  analysis  and  verified  by  comparison  of  solution  between  the  programs, 
b)  Resistance  simulation 

Previous  studies  of  subsynchronous  operation  [3,5]  had  shown  that  stability 
could  be  provided  by  feedback  of  the  field  currents  to  simulate  increased 
resistance  in  the  field  circuit,  thereby  providing  damping  to  the  system.  The 
feedback  equations  are 


■y  1 
<ir 

1 - 

w 

pi  °‘ 

IN 

L  qf-l 

L  o  J 

Lo  cx. 

and  V  f  are  the  actual  field  voltage  commands  sent  to  the  power  converter, 
and  V  is  the  simulated  field  voltage.  The  output  voltage  is  regulated  by  an 
integral  controller.  The  basic  controller  is  shown  in  Figure  3.  With 
assumptions  of  ideal  current  and  voltage  sensing,  and  an  ideal  power  converter, 
the  feedback  quantity  exactly  represents  increased  field  resistance.  These 
assumptions  are  employed  in  this  analysis. 
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Figure  3.  Basic  system  controller  with  state  feedback 
of  the  machine  field  currents . 


C)'  Result* 


The  model  given  in  parts  a  and  b  of  this  section  was  used  to  study  the 
controllability  of  the  machines  in  supersyuchronous  operation.  As  the  machine 
control  during  subsynchro nous  operation  was  previously  studied,  a  comparison 
between  these  two  modes  was  indicated.  For  this  comparison,  the  machine 
constants  given  in  Table  I  were  used.  For  both  the  sub*  and  supersyuchronous 
cases.  The  cases  involve  identical  machines  run  over  1.5:1  speed  ranges. 

The  root  loci  for  the  machines  are  given  in  Figures  4  and  5.  These  figures 
'show  the  significant  loci  in  the  upper  half  of  the  s -plane .  Both  modes  of 
operation  exhibit  a  complex  pole-zero  pair,  with  relatively  close  coupling  of 
this  pole  and  zero.  This  pair  is  associated  with  the  rotor  winding  of  the 
machines.  The  second  complex  pole-zero  pair  which  is  shown  is  related  to  the 
field  winding  of  the  machines.  Figure  4  compares  sub-  and  supersynchronous 
operation  with  no  state  feedback.  In  all  cases,  the  open  loop  poles  are  lightly 
damped.  At  low  speeds,  both  cases  exhibit  a  zero  in  the  RHP  near  the  ju>  axis. 

At  high  speeds,  both  systems  exhibit  a  zero  far  into  the  RHP.  Figure  5  contains 
the  results  with  resistance  simulation  feedback  c^  ■  59r^.  As  is  true  in 
subsynchronous  operation,  the  feedback  successfully  moves  the  open  loop  pole  of 
the  system  into  the  LHP.  Additionally,  close  coupling  between  the  rotor 
pole-zero  pair  is  obtained.  At  low  speeds,  the  zero  associated  with  the  field 
is  located  in  the  LHP  and  the  system  is  stable  for  all  integrator  gains.  As  the 
speed  increases,  this  zero  moves  into  the  RHP,  and  the  system  becomes  unstable 
at  high  gain.  Figure  5  shows  that  this  movement  of  the  zero  occurs  at  a 
relatively  lover  speed  in  supersynchronous  operation  than  in  subsynchronous 
operation.  At  the  highest  speed  in  subsynchronous  operation,  the  rotor  zero 
moves  above  the  open  loop  pole,  and  the  field  locus  crosses  the  ju>  axis  below 
the  rotor  pole-zero  pair.  These  events  also  lead  to  degraded  performance  at 
high  gain. 


TABLE  I 

MACHINE  CONSTANTS  FOR  40  KVA,  400  HERTZ 
GENERATOR,  SUPERSYNCHRQNOUS  9600-14400  rpm 
SPEED  RANGE.  PER  UNIT  VALUES  GIVEN  ARE  THE 
MACHINE  BASE. 


Machine  1 

Machine  2 

kvA 

40.0 

16.0 

poles 

6 

2 

frequency,  hz 

400 

160 

stator  resistance 

0.02 

pu 

0.025 

pu 

stator  reactance 

4.08 

pu 

4.08 

pu 

rotor  resistance 

0.025 

pu 

0.02 

pu 

rotor  reactance 

4.08 

pu 

4.08 

pu 

magnetizing  reactance 

4.0 

pu 

4.0 

pu 
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The  resales  show  thee  stability  can  be  obtained  by  implementing  resistance 
s isolation  in  both  the  sabsynchronoas  and  supersynchronoas  operating  nodes.  For 
the  case  studied,  sufficient  dsnping  was  obtained  throughout  the  speed  range  of 
interest  to  ensure  good  response.  The  sabsynchronoas  node  showed  slightly 
better  characteristics  at  high  speed,  however,  and  it  is  possible  that  the 
sabsynchronoas  node  could  out  perfom  the  sapersynchronoas  node  in  eases 
involving  a  larger  speed  range.  As  the  advantages  of  the  cascade  nachine  systen 
are  nost  pronounced  where  snail  speed  ranges  are  required,  and  it  appears  that 
the  sub-  and  sapersynchronoas  nodes  of  operation  are  equally  controllable  for 
low  speed  ranges. 

Step  2:  CDFM  controllability  with  capacitive  load 

a)  Analysis 

The  inital  studies  of  the  cascaded  doubly  fed  nachine  (CDFM)  generator 
systen  involved  a  passive  series  KL  load  on  the  generator.  In  nany 
applications,  however,  it  would  be  dasirsble  to  place  shunt  capacitors  at  the 
generator  teminala  to  supply  the  load  VARS  and  a  share  of  the  generator  systen 
excitation  requiranents .  This  would  reduce  the  current  flow  in  the  exciter  and 
field. 

Step  2  of  this  project  involves  a  study  of  the  effect  of  this  capacitance 
on  nachine  stability.  The  systen  diagrsn  is  shown  in  Figure  6.  The  study 
involves  shunt  capacitance  pemanently  connected  at  the  generator  terminals 
which  supply  VARS  equal  to  66Z  of  the  generator  rating.  The  capacitors  are 
pemanently  connected  to  the  generator  to  avoid  the  weight  and  reliability 
problems  of  a  switch.  The  bank  rating  was  chosen  from  steady  state 


considerations . 


Figure  6.  System  diagram  of  the  CDFM  generator  with  capacitance 
supplying  excitation  VARS.  Reference  directions  for 
the  currents  and  voltages  at  the  generator  output  are 


Th*  addition  of  tha  capacitors  will  inercaaa  tho  state  of  the  system  by 


fonr:  pro  for  the  capacitors  sad  two  for  the  load.  The  capacitor  equations  are: 
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and  the  load  equation  are: 
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When  these  are  transfomed  by  the  output  winding  transformation  (Equation  2), 


the  system  equations  are  (neglecting  the  0  axis  quantities): 

i  .  -  0 


v.  * 

ds 


*L  ldL  +  \  pldL  '“e1!  *qL 


rq.^1LiqL+LLplqL*W«LLidt-0 


(23) 


LdP  “  ldL  ~  Xds  “  C  pVds  “  WeC  Vqs 


i  •  i  T  -  i  -  C  v  ♦  w  C  v . 
qp  qL  qs  p  qi  e  ds 


(24) 


where  i^,  i^,  end  y^>  have  been  chosen  as  the  new  state  variables.  The 
increaental  magnitude  of  the  output  voltage  is: 


(25) 


The  initial  condition  calculations  are  perforned  in  the  sane  sanner  as  in  step 
1.  The  computer  prograas  used  to  study  the  system  are  listed  in  the  appendix. 
The  results  are  presented  in  terns  of  linearized  s-plane  plots.  The  time 
simulation  prograas  were  used  to  validate  these  results.  It  has  been  found  that 
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the  system  exhibits  good  time  response  when  the  reel  eigenvalue  and  the  tvo 
dominant  complex  pairs  all  have  negative  real  parts  with  magnitude  greater  than 
0.1  pa.  The  lightly  damped  pole-zero  pair  remains  closely  coupled  with  the 
feedback  strategies  shown,  and  has  negligible  effect  on  the  system  response, 
b)  Results  -  field  current  feedback 

The  smehines  described  in  Table  1  were  used  to  investigate  the  effect  of 
output  capacitors  on  system  stability.  Due  to  the  results  of  step  1  of  the 
project,  only  the  subsynchrouous  operating  mode  was  considered. 

Figure  7  shows  a  root  locus  study  of  the  system  with  voltage  regulator  but 
no  state  feedback.  The  dominant  poles  of  the  system  are  shown  on  the  upper  half 
of  the  per  unit  s-plane.  The  system  is  open  loop  unstable  at  the  two  upper 
speeds.  At  low  speed,  a  lightly  damped  low  frequency  pole  quickly  goes  into  the 
RHP  as  controller  gain  is  increased. 

Field  current  feedback  for  resistance  simulation  was  investigated.  The 
results  show  that  a  level  of  resistance  simulation  somewhat  higher  than  that 
employed  in  step  1  of  the  research  will  be  effective  in  stabilizing  a  loaded 
system.  Figure  8  shows  the  root  locus  plot  with  resistance  simulation  ■  2.0 
pu  vith  system  loading  S  ■  1  141°  pu,  where  1.0  pu  represents  the  rated  output 
KVA  of  the  machine.  Figures  9  and  10  shown  the  same  feedback  system  at  lighter 
machine  loads.  With  3  ”  0.25  |5?,  the  low  frequency  loci  has  shifted  to  the 
right,  particularly  at  high  machine  speeds.  With  load  further  reduced,  the 
locus  will  shift  completely  into  the  RHP,  as  shown  in  Figure  10.  In  these 
cases,  the  high  frequency  locus  begins  well  into  the  LHP  and  moves  into  the  RHP 
at  very  high  gains. 


-0.4  -0.2  0  -0.4  -0.2  0  -0.4  -0.2  0 

«r  ”  *800  rpm  6000  rpm  7200  rpm 

Figure  8.  Closed  loop  pole  movement  with  increasing  integrator  gain.  Rotor  current  feedback  C 
Full  load  condition:  S  =  1.0|41°  pu.  « 


Figure  9.  Closed  loop  pole  movement  with  Increasing  integrator  gai  Rotor  current  feedback  C 
Medium  load  condition:  S  **  0.25l^°  pu. 


- — - - r  r - -  - q 

Light  load  condition:  S  -  0.1 (5_  pu. 


The  system  stability  will  be  studied  at  light  load.  S  *  0.1  (jf  is  chosen, 
as  damping  is  reduced  as  the  load  power  factor  angle  is  reduced.  Note  that, 
with  capacitance,  the  generator  will  be  operating  with  low  power  factor  leading 
current  with  this  load.  Figure  11  shows  the  open  loop  pole  movement  for  the 
system  as  is  varied  from  0  to  1  pu.  This  result  shows  that  resistance 
simulation  alone  will  not  stabilize  the  system  at  this  load  level. 


Next  studied  was  the  feedback  equation 


where  is  the  resistance  simulation.  Cj  can  be  expected  to  provide  some  level 
of  frequency  shifting  of  the  open  loop  poles  [31. 

Figure  12  shows  the  effect  of  on  the  open  loop  poles  of  the  system.  It 
can  be  seen  that  increased  will  move  the  unstable  pole  into  the  LHP  while 
causing  the  previously  well  damped  pole  to  move  toward  the  RHP.  The  best 
response  was  obtained  with  »  0.2,  •  2.25.  The  root  locus  plot  with 

S«0.1(5^  is  shown  in  Figure  13.  While  stable  operation  can  be  obtained  at  this 
loading  the  response  time  would  be  slow,  particularly  at  high  speed.  Figure  14 
shows  the  result  of  the  increased  load,  with  S  *  0.2^5°.  At  this  load  level, 
stable  operation  with  good  response  can  be  obtained.  Note  that,  with  *  0.2 
and  ■  2.25,  the  locus  of  the  high  frequency  pole  initially  breaks  to  the 
left,  while  the  locus  of  the  low  frequency  poles  breaks  to  the  right.  As  a 
result,  the  placement  of  the  high  frequency  open  loop  pole  can  be  much  closer  to 
the  j<J  axis  the  placement  of  the  low  frequency  open  loop  pole. 


0.2,  C_  *  2.25.  System  loading  S  -  0.1^5^  pu. 


Do*  to  the  poor  response  at  low  power  level* ,  th«  efface  of  adding  feedback 
fraai  the  output  of  the  generator  vu  studied.  A.  number  of  feedback 
poaaibilieiea  were  considered.  It  vas  considered  that  feedback  of  the  d  and  q 
axis  output  quantities  would  be  sore  difficult  to  isplasent  than  feedback  of 
other  quantities  such  as  ms  currant,  power,  VARS.  Pros  the  feedback  strategies 
studied,  the  aost  successful  were: 


a)  Feedback  of 

capacitor 

d  and  q  axis  current 
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b)  Feedback  of  machine  output  current 


c)  Feedback  of  rms  output  current. 
The  ms  current  is 
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The  feedback  equation  studied  is 
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(29) 


(30) 


d)  Feedback  of  output  power. 
The  output  power  is 


with  incremented  power 


?1  "  "  ydso  \ul  ~  ^dso  vdsl 


qso  qsl  qso  qsl 


(33) 


For  feedback  Co  the  d  axis , 


Figure  13  shove  a  comparison  of  Che  open  loop  poles  for  feedback  types  a  (dq 
axis  capacitor  currents)  and  c  (output  current  magnitude).  The  field  feedback 
remains  at  •  0.2  and  •  2.23  pu. 

Both  yield  increases  in  daaping  at  the  low  frequency  eigenvalue,  and  cause 
losses  in  draping  at  the  high  frequency  eigenvalue.  Figure  16  shows  the  closed 
loop  pole  aigration  for  a  siailar  case  of  capacitor  current  feedback.  The  locus 
diagrsas  are  located  well  into  the  left  half  plane  and  stable  operation  with 
good  response  is  obtained.  The  dominant  eigenvalues  at  integrator  gain  of  - 
200  pu  are  shown  in  Table  2. 

A  study  of  power  feedback  (d)  is  shown  in  Figure  17.  These  loci  are,  for 
the  most  part,  similar  to  those  seen  in  Figure  16,  and  will  provide  stability 
with  good  response  with  the  proper  choice  of  gain.  Table  3  lists  the  dominant 
eigenvalues  for  an  integrator  gain  of  200  pu. 

It  is  therefore  possible  to  stabilize  the  system  at  light  loada  by 
including  feedback  of  an  output  quantity.  Therefore  the  option  of  providing 
output  capacitors  permanently  connected  to  the  generator  would  appear  to  be 
feasible,  and  should  be  considered  in  the  design  of  a  CDFM  generator  system. 
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In  both  cases,  the  stator  current  feedback  parameter 
0  to  1.8,  with  rotor  current  feedback  parmeters  C1  “0.2  and 


Conclusions 


This  project  considers  tvo  aspects  of  the  control  of  cascaded  doubly  fed 
machine  (CDFM)  generator  systems.  In  the  first  step,  the  controllability  of  the 
system  in  the  supersynchronous  operating  mode  was  considered.  The  results  show 
that  the  supersynchronous  mode  exhibits  similar  characteristics  to  the 
subsynchronous  mode,  which  was  considered  during  an  earlier  project.  The 
supersynchronous  mode  exhibits  certain  characteristics  which  could  be 
undersirable  in  systems  requiring  larger  speed  ranges  then  have  been  considered 
here. 

The  second  step  of  the  research  considered  the  effect  of  shunt  capacitance 
connected  at  the  generator  output,  with  permanently  connected  capacitors.  The 
results  show  that  stability  and  good  response  can  be  provided  with  field  current 
feedback  except  at  light  load  conditions.  At  light  loads,  stability  and  good 
response  can  be  attained  by  including  feedback  of  a  generator  output  quantity. 

Of  the  options  examined,  feedback  of  the  output  power  would  appear  to  be  the 
most  easily  implemented  system.  The  results  of  this  step  show  that  permanently 
connected  capacitors  should  be  considered  as  a  source  of  excitation  for  a  CDFM 
generator  system. 
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Appendix  1 


Per  Unit  System 


The  per  unit  system  used  is: 

Bese  current  *  machine  rated  rms  phase  current 
Base  Voltage  ■  machine  rated  rms  volts 
Base  power  ■  machine  rated  volt-amps 
Base  Frequency  “  machine  rated  output  frequency 
The  other  bases  follow  from  these  definitions.  The  analysis  and  simulations 
vere  conducted  on  the  output  machine  base.  The  base  of  the  s-plane  operator 
2nx  frequency  base . 
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